Abstract. Ovarian cancer is the second most frequently occurring cancer and the most fatal gynecological malignancy of all gynecological cancers worldwide. MicroRNAs (miR) have been reported to be downregulated or upregulated in a variety of human malignancies, and involved in the formation and progression of the majority of human cancers, including epithelial ovarian cancer (EOC). miR-320 has been identified as a tumor suppressor in multiple human cancers. However, the expression levels, biological role and underlying mechanisms of miR-320 in EOC remain to be elucidated. In the present study, reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed to detect miR-320 expression in EOC tissues and cell lines. Following transfection with miR-320 mimics, Cell Counting Kit 8 and cell invasion assays were utilized to investigate the effects of miR-320 on EOC cell proliferation and invasion. Bioinformatic analysis, luciferase reporter assay, RT-qPCR and western blotting were used to explore the underlying mechanism of how miR-320 affects cell proliferation and invasion in EOC. Mitogen-activated protein kinase (MAPK) 1 expression and its association with the miR-320 expression level was examined in EOC tissues. The role of MAPK1 in EOC cells was additionally evaluated by using a loss-of-function assay. The results demonstrated that miR-320 was markedly downregulated in EOC tissues and cell lines. A decreased miR-320 expression was significantly correlated with the Federation of Gynecology and Obstetrics stage and lymph node metastasis of EOC patients. Additionally, reintroduction of miR-320 expression suppressed cell proliferation and invasion in EOC. Furthermore, it was verified that MAPK1 is a direct target gene of miR-320 in EOC. MAPK1 expression was markedly upregulated in EOC tissues and inversely correlated with miR-320 expression. Furthermore, silencing of MAPK1 by RNA interference inhibited cell proliferation and invasion of EOC cells. Overall, the present study demonstrated that miR-320 may act as a useful diagnostic and therapeutic target in the treatment of EOC.
Introduction
Ovarian cancer is the second most common cancer worldwide, and the most fatal gynaecological malignancy of all gynecological cancers, with over 238,700 newly diagnosed cases and 151,900 fatalities per year (1, 2) . Epithelial ovarian cancer (EOC) accounts for ~90% of all ovarian cancer cases, and consists of five subtypes, including high-grade serous carcinoma (70%), low-grade serous carcinoma (<5%), mucinous carcinoma (3%), endometrioid carcinoma (10%) and clear-cell carcinoma (10%) (3) . Despite progress in the traditional treatments for EOC, the overall survival rate for patients with this malignancy remains dissatisfactory over the past 50 years (4) . Furthermore, an increased number of patients are presenting with EOC with local or distant metastasis at the time of diagnosis, due to an absence of early diagnostic biomarkers, and this results in poor prognosis and short survival time (5) . Therefore, further investigations are necessary in order to elucidate the underlying molecular mechanisms of EOC occurrence and progression, and identify novel efficient targets for diagnosis, therapy and prognosis of this disease.
MicroRNAs (miRNAs) represent a large family of non-coding, single stranded, endogenous and short RNA molecules with 18-25 nucleotides (6) . miRNAs regulate gene expression by base-pairing with the 3' untranslated regions (3'UTRs) of their target genes, resulting in translational suppression or mRNA degradation, and ultimately controlling the protein expression of target genes (7) . It has previously been demonstrated that miRNAs are important in various biological processes, including cell proliferation, cell cycle, differentiation and metastasis (8) (9) (10) . miRNAs have been reported to be downregulated or upregulated in a variety of human malignancies (11) (12) (13) . Furthermore, previous studies demonstrated that deregulated miRNAs are involved in the formation and progression of the majority of human cancers, including EOC (14) , bladder (15) , gastric (16) , glioma (17) and breast cancers (18) . These abnormally expressed miRNAs may function as oncogenes or tumor suppressor genes depending on the roles of their target genes and tumor types (19) . These findings suggest that miRNAs may be useful in the diagnosis and prognosis of human cancers, and may additionally act as therapeutic targets for their treatment.
Abnormal expression of miR-320 has been reported in multiple types of cancer, including breast (20, 21) , gastric (22) , colorectal (23) , glioma (24, 25) and bladder cancers (26) . However, the role of miR-320 in EOC remains to be elucidated. The present study aimed to investigate the expression pattern and regulatory role of miR-320 in EOC, and its associated underlying mechanism.
Materials and methods
Ethical approval and human tissue. The present study was approved by the Ethics Committee of Shengli Oilfield Central Hospital (Dongying, China). In addition, written informed consent was obtained from all patients. A total of 56 EOC tumor tissues and their paired adjacent normal ovarian epithelium tissues were obtained from the Department of Gynaecology and Obstetrics, Shengli Oilfield Central Hospital, between 2012 and 2015. None of these EOC patients (n=56; female; age, 39-72 years) were treated with other treatments prior to surgery. Tissues specimens were immediately snap-frozen in liquid nitrogen and stored at -70˚C in a freezer.
Cell lines. A total of 4 EOC cell lines (CAOV3, OVCAR3, SKOV3, ES-2) and the human normal ovarian epithelial cell line NOEC, were purchased from American Type Culture Collection (Manassas, VA, USA). EOC cells were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum and 1% penicillin/streptomycin, all obtained from Gibco; Thermo Fisher Scientific, Inc. (Waltham, MA, USA). NOEC cells were grown in Ham's F-12 medium (Gibco; Thermo Fisher Scientific Inc.) with 10% FBS and 1% penicillin/streptomycin. All cells were maintained in a humidified environment at 37˚C with 5% CO 2 .
Cell transfection. miR-320 mimics, the corresponding negative miRNA mimics controls (miR-NC), small interfering (si)RNA targeting mitogen activated protein kinase (MAPK; si-MAPK1) and its negative control scrambled siRNA (si-NC) were synthesized by Shanghai GenePharma Co., Ltd (Shanghai, China). The miR-320 mimics sequence was 5'-AAA AGC UGG GUU GAG AGG GGC G-3' and the miR-NC sequence was 5'-UUC UCC GAA CGU GUC ACG UTT-3'. The si-MAPK1 sequence was 5'-AGUUCGAGUAUACUUCAAGUU-3' and the si-NC sequence was 5'-UUC UCC GAA CGU GUC ACG UTT-3'. Cells were seeded into 6-well plates at a density of 50-60% confluence in FBS-free RPMI-1640 medium for 1 day prior to transfection. Cells were transfected with miR-320 mimics (100 pmol), miR-NC (100 pmol), si-MAPK1 (100 pmol) or si-NC (100 pmol) by using Lipofectamine ® 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Cell culture medium was replaced with RPMI-1640 medium containing 10% FBS at 8 h post-transfection. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed to detect miR-320 and MAPK1 mRNA expression at 48 h post-transfection. Western blotting analysis was applied to detect MAPK1 protein expression at 72 h post-transfection. The Cell Counting kit 8 (CCK8) and cell invasion assays were performed at 24 h and 48 h following transfection, respectively.
RNA extraction and RT-qPCR. Total RNA was isolated from tissues and cells using a TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. For quantification of miR-320, reverse transcription was conducted with TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) and followed by qPCR with TaqMan Human MicroRNA assay kit (Applied Biosystems; Thermo Fisher Scientific, Inc.). The cycling conditions were as follows: 50˚C for 2 min, 95˚C for 10 min, followed by 40 cycles of denaturation at 95˚C for 15 sec and annealing/extension at 60˚C for 1 min. For MAPK1 mRNA expression, M-MLV Reverse Transcription system (Promega Corporation, Madison, WI, USA) was used to synthesize cDNA. The detection of MAPK1 mRNA expression was conducted using SYBR Premix Ex Taq (Takara Biotechnology Co., Ltd, Dalian, China). The thermocycling conditions were as follows: 5 min at 95˚C, followed by 40 cycles of 95˚C for 30 sec and 65˚C for 45 sec. U6 small nuclear RNA and β-actin were used as internal standard references for miR-320 and MAPK1, respectively. The primers sequences were designed as follows: miR-320, 5'-ACAC TCC AGC TGG GAA AAG CTG GGT TGA GA-3' (forward) and 5'-TGG TGT CGT GGA GTC G-3' (reverse); U6, 5'-CTC GCTT CGG CAG CAC A-3' (forward) and 5'-AAC GCT TCA CGA ATT TGC GT-3' (reverse); MAPK1, 5'-TGG ATT CCC TGG TTC TCT CTA AAG-3' (forward) and 5'-GGG TCT GTT TTC CGA GGA TGA-3' (reverse); and β-actin, 5'-CCT GGC ACC CAG CAC AAT-3' (forward) and 5'-GCT GAT CCA CAT CTG CTG GAA-3' (reverse). Relative expression was quantified by the 2 -ΔΔCq method (27) .
CCK8 assay. Cell proliferation was evaluated by using a CCK8 assay (Dojindo Molecular Technologies, Inc., Kumamoto, Japan). A total of 24 h following transfection, transfected cells were seeded in 96-well plates (3,000 cells/well). Cells were then incubated in a humidified environment at 37˚C with 5% CO 2 for 4 consecutive days. At every 24 h, a CCK8 assay was performed according to the manufacturer's protocol. Briefly, 10 µl CCK8 reagent was added into each well. Following incubation at 37˚C for an additional 4 h, absorbance at a wavelength of 450 nm was measured using a microplate reader (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Each assay was performed in triplicate.
Cell invasion assay. Transwell chambers (8-mm pore size; Costar; Corning Incorporated, Corning, NY, USA) precoated with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) were used to conduct the cell invasion assay. A total of 500 µl RPMI-1640 medium containing 20% FBS was added into the lower chamber, and 5x10 4 transfected cells in 200 µl FBS-free culture medium were plated in the upper chamber. Following incubation for 48 h at 37˚C, cells that remained in the upper surface of the membrane were removed by cotton swabs. The invaded cells were fixed with 4% paraformaldehyde at room temperature for 10 min and stained with 0.1% crystal violet at room temperature for 10 min. Following washing, five randomly selected visual fields per membrane were photographed and counted under an inverted fluorescence microscope (magnification, x200; CKX41; Olympus Corporation, Tokyo, Japan).
miR-320 target prediction. The computational methods TargetScan (www.targetscan.org) and PicTar (www.pictar .mdc-berlin. de/) were used to predict the potential targets of miR-320.
Luciferase assay. Cells were seeded in 24-well plates at a density of 40-50% confluence. Following incubation overnight, Lipofectamine ® 2000 was employed to co-transfect cells with miR-320 mimics or miR-NC, and psiCHECK wild-type MAPK1 3'UTR luciferase plasmid (psiCHECK-Wt-MAPK1-3'UTR; Shanghai GenePharma Co., Ltd) or psiCHECK mutant MAPK1 3'UTR luciferase plasmid (psiCHECK-Mut-MAPK1-3'UTR; Shanghai GenePharma Co., Ltd). At 48 h following transfection, the cells were harvested and subjected to luciferase assay by using the Dual-Luciferase ® Reporter Assay system (Promega Corporation). Firefly luciferase activity was normalized to Renilla luciferase activity.
Western blotting. Total protein was extracted from transfected cells at 72 h post-transfection with ice-cold radioimmunoprecipitation assay lysis buffer containing proteinase inhibitor (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Concentrations of total protein were detected using a bicinchoninic assay kit (Pierce; Thermo Fisher Scientific, Inc.). Equal amounts protein (20 µg) were resolved using SDS-PAGE on a 10% gel. Subsequently, proteins were transferred to polyvinylidene difluoride membranes and then blocked with 5% non-fat milk in Tris-buffered saline containing 0.1% Tween-20 (TBST) at room temperature for 1 h. The membranes were incubated with primary antibodies at 4˚C overnight, followed by washing with TBST three times and incubated with a goat anti-mouse horseradish peroxidase-conjugated secondary antibody (1:5,000 dilution; catalog no. sc-2005; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) at room temperature for 2 h. Finally, protein bands were visualized using an enhanced chemiluminescence solution (Bio-Rad Laboratories, Inc.) and analyzed using Quantity One software, version 4.62 (Bio-Rad Laboratories, Inc.). Primary antibodies used in the present study included mouse anti-human MAPK1 monoclonal antibody (1:1,000 dilution; catalog no. sc-81459; Santa Cruz Biotechnology, Inc.) and mouse anti-human β-actin monoclonal antibody (1:1,000 dilution; catalog no. sc-47778; Santa Cruz Biotechnology, Inc.). β-actin was used as a loading control.
Statistical analysis. Data are expressed as the mean ± standard deviation. All statistical analyses were performed with Student's t-tests or one-way analysis of variance using SPSS software, version 18.0 (SPSS, Inc., Chicago, IL, USA). The correlation between miR-320 and MAPK1 mRNA expression was analyzed with Spearman's correlation analysis. P<0.05 was considered to indicate a statistically significant difference. 
Results

miR-320 expression is downregulated in EOC tissues and cell lines.
To assess miR-320 expression levels, RT-qPCR was performed in 56 EOC tumor tissues and matched adjacent normal ovarian epithelium tissues. The data indicated that expression levels of miR-320 were decreased in EOC tissues compared with in matched adjacent normal ovarian epithelium tissues ( Fig. 1A; P<0 .05). Following this, miR-320 expression was quantified in a panel of EOC cell lines in addition to the human normal ovarian epithelial cell line NOEC. Compared with NOEC, miR-320 expression was significantly downregulated in all four tested EOC cell lines (Fig. 1B) .
Furthermore, correlation between miR-320 and the clinicopathological variables of patients with EOC was investigated. As presented in Table I , miR-320 expression was strongly correlated with FIGO stage (P=0.013) and lymph node metastasis (P=0.001). However, no correlation was observed with other clinicopathological characteristics, including age, differentiation and tumor size (all P>0.05). These results suggested that miR-320 may be important in EOC formation and progression.
Overexpression of miR-320 suppresses cell proliferation and invasion in EOC.
To explore the biological role of miR-320 in EOC, a gain-of-function analysis was conducted. CAOV3 and OVCAR3 cells were transfected with miR-320 mimics or miR-NC. A total of 48 h following transfection, RT-qPCR was performed to detect miR-320 expression and it was observed that miR-320 expression levels in CAOV3 and OVCAR3 cells were significantly increased following transfection with miR-320 mimics ( Fig. 2A; P<0 .05). To determine if miR-320 contributes to EOC progression, CCK8 and cell invasion assays were performed in CAOV3 and OVCAR3 cells following transfection with miR-320 mimics or miR-NC. CCK8 assay demonstrated that upregulation of miR-320 decreased CAOV3 and OVCAR3 cell proliferation ( Fig. 2B; P<0.05) . Similarly, overexpression of miR-320 resulted in a significant reduction of cell invasion capacity of the CAOV3 and OVCAR3 cells ( Fig. 2C; P<0 .05). These findings suggested that miR-320 may suppress EOC cell growth and metastasis.
MAPK1 is a direct target of miR-320 in EOC.
To explore the mechanisms underlying the tumor suppressive role of miR-320 in EOC, Targetscan and PicTar were used to predict the potential targets of miR-320. As presented in Fig. 3A , the seed sequence of miR-320 was complementary to the 3'UTR of MAPK1. MAPK1 is overexpressed in EOC tissues and cell lines (28, 29) , and contributes to the tumorigenesis and tumor development in EOC (28) , which led to the hypothesis that MAPK1 may be a direct target of miR-320 in EOC. To determine whether MAPK1 is a direct target gene of miR-320, a luciferase reporter assay was performed in CAOV3 and OVCAR3 cells co-transfected with miR-320 mimics or miR-NC, and luciferase reporter vector containing the wild type or mutant 3'UTR of MAPK1. The results demonstrated that transfection of miR-320 resulted in a significant inhibition of luciferase activities by psiCHECK-Wt-MAPK1-3'UTR ( Fig. 3B; P<0 .05). However, these repressive effects of miR-320 on luciferase activities were reversed following transfection with psiCHECK-Mut-MAPK1-3'UTR. The present study then sought to investigate whether ectopic expression of miR-320 regulated endogenous MAPK1 expression. RT-qPCR and western blotting verified that upregulation of miR-320 suppressed MAPK1 expression in CAOV3 and OVCAR3 cells at the mRNA (Fig. 3C; P<0 .05) and protein ( Fig. 3D; P<0 .05) levels. Collectively, these results suggested that miR-320 decreased MAPK1 expression by targeting specific sites within the 3'UTR of MAPK1.
MAPK1 is upregulated in EOC tissues and negatively correlated with miR-320 expression. MAPK1 was identified as a direct target gene of miR-320 in EOC; therefore, MAPK1 expression in EOC tissues and matched adjacent normal ovarian epithelium tissues was measured. As expected, MAPK1 mRNA was significantly increased in EOC tissues, compared with normal ovarian epithelium tissues ( Fig. 4A ; P<0.05). Furthermore, Spearman's correlation analysis indicated an inverse correlation between MAPK1 mRNA and miR-320 expression ( Fig. 4B ; r=-0.4078; P=0.0018).
miR-320 inhibits cell proliferation and invasion of EOC by downregulation of MAPK1.
To evaluate the role of MAPK1 in EOC, a loss-of-function assay was performed. CAOV3 and OVCAR3 cells were injected with si-MAPK1 or si-NC. Western blotting verified that MAPK1 protein was downregulated in CAOV3 and OVCAR3 cells following transfection with si-MAPK1 ( Fig. 5A; P<0.05 ). CCK8 assay demonstrated that downregulation of MAPK1 suppressed proliferation in CAOV3 and OVCAR3 cells, which was consistent with miR-320 overexpression ( Fig. 5B; P<0.05) . Furthermore, consistent with miR-320 mimics, cell invasive abilities were decreased in si-MAPK1-transfected CAOV3 and OVCAR3 cell lines ( Fig. 5C; P<0.05) . These results demonstrated that miR-320 inhibits cell proliferation and invasion of EOC by negative regulation of MAPK1.
Discussion
Previous studies have suggested that miRNAs are important in tumorigenesis and tumor development, and thus may prove as novel targets for the treatment and prognosis of various cancers (30, 31) . Abnormal expression of miR-320 has been reported in various types of cancers, including breast (20, 21) , gastric (22) , colorectal (23) , glioma (24, 25) , bladder (26) and cervical cancers (32) . In addition, expression levels of miR-320 have been demonstrated to be correlated with clinicopathological variables of multiple human cancers. For example, in non-small cell lung cancer, miR-320 is correlated with TNM classification and metastasis (33) . In breast cancer, a significant correlation has been observed between low miR-320 expression level and tumor size, clinical stage, lymph node metastasis and distant metastasis (34) . The present study measured miR-320 expression in EOC tissues and cell lines. Data from RT-qPCR demonstrated that miR-320 was significantly downregulated in EOC tissues and cell lines. Low miR-320 expression was significantly correlated with FIGO stage and lymph node metastasis of EOC patients. These findings suggested that miR-320 deregulation is a common event in human cancer, and may be important in tumorigenesis and tumor development.
Previous studies have demonstrated that miR-320 regulates the formation and progression of human cancer. Introduction of miR-320 inhibits cell proliferation in osteosarcoma (35) , colorectal adenoma (36), non-small cell lung cancer (33), cervical cancer (32), glioma (25) , multiple myeloma (37) and breast cancer (21) . Additionally, upregulation of miR-320 results in a significant decrease in the motility of breast cancer (20, 21) , salivary adenoid cystic carcinoma (38) , nasopharyngeal carcinoma (39) , glioma (24) and non-small cell lung cancer (33) . It has previously been demonstrated that miR-320 promotes Fluorouracil resistance in pancreatic cancer (40) , enhances the chemosensitivity of tamoxifen-resistant breast cancer cells to tamoxifen (41) , improves the chemosensitivity and radiosensitivity of colon cancer (42) , and represses tube formation of vascular endothelial cells in oral cancer (43) . In the present study, the CCK8 assay revealed that miR-320 inhibited cell growth in EOC cells. The cell invasion assay indicated that restoration of expression of miR-320 decreased invasion activity in EOC cells. Collectively, these experiments indicated that miR-320 may act as a tumor suppressor in human cancers, and may be used as a novel molecular therapeutic target for anti-tumor treatments.
The present study then aimed to investigate the molecular mechanism by which miR-320 acts as a tumor suppressor in EOC. Previous studies identified numerous targets of miR-320 including E2F transcription factor 1 (35) , cyclin dependent kinase 6 (36), MCI1 (32), PBX Homeobox 3 (37), RAB11A (21) and metadherin (20) . To explore the targets of miR-320, Targetscan and PicTar were used. MAPK1 was predicated to be a potential target of miR-320. A luciferase reporter assay was then performed to verify that miR-320 directly targeted the 3'UTR of MAPK1. Subsequently, it was demonstrated that miR-320 negatively regulated MAPK1 expression at the mRNA and protein level in EOC cells. Furthermore, MAPK1 expression was upregulated in EOC tissues and negatively correlated with miR-320 expression. Additionally, consistent with miR-320 overexpression, cell proliferation and invasion were decreased in si-MAPK1-transfected EOC cells. These results verified MAPK1 as a novel direct target of miR-320 in EOC.
The MAPK signaling cascades are composed of membrane-to-nucleus signaling modules which are important in multiple physiological processes (44) . MAPK1, additionally termed, extracellular regulated kinase 2, has been reported to be abnormally expressed in various human cancers, including cervical (45), myeloma (46) , sacral chordoma (47), non-small cell lung cancer (48) and gastric cancer (49). Rahman et al (29) reported that MAPK1 is highly expressed in ovarian cancer tissues and cell lines (28, 29) . Functional assays have demonFunctional assays have demonstrated that MAPK1 underexpression suppresses growth and metastasis in ovarian cancer SKOV3 cells (28) . In accord- (28) . In accord-. In accordance with previous studies, the results of the present study demonstrated that MAPK1 was significantly upregulated in EOC tissues, and the downregulation of MAPK1 repressed the proliferation and invasive ability of EOC cells. MAPK1 may be investigated as a useful therapeutic target for the treatment of patients with EOC.
In conclusion, the results of the present study demonstrated that miR-320 was decreased in EOC tissues and cell lines. Low miR-320 expression was significantly correlated with FIGO stage and lymph node metastasis of EOC patients. Furthermore, ectopic expression of miR-320 inhibited EOC cell proliferation and invasion through directly targeting MAPK1. These findings may provide a novel insight into the potential carcinogenic and progressive mechanisms in EOC, and may be used in the development of novel treatment strategies for patients with this malignancy. Further investigations are required to explore whether the potential of miR-320 may be fully realised in EOC.
